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The microalloying of steel is a technology which has been intensively developed for about 25 years. It exploits the theoretical knowledge on mechanisms of precipitation hardening, grain size control and deformation of steel.
The term "microalloying" is used because steels are alloyed with up to 0.10 % of various elements, and an important influence on the characteristics and properties of such steels is achieved, presumably due to the reduction of the austenite and ferite grain size and because their yield stress, strength and toughness are increased while the ductilelbrittle transition temperature is diminished which is perhaps one of the most important aspect of microalloying .
The conventional test methods combined with non-standard measuring of fracture toughness K,, for the determination of low-temperature limit of exploitation was applied on nine different structural steels either fine-grained micro-alloyed steels or low-alloyed structural steels. The chemical composition of the investigated steels is shown in Table 1 and it can be seen that these steels with 0.05 to 0.21 wt. % of carbon were alloyed with chromium, nickel, molibdenum, niobium or vanadium whether individually or in combination. The microstructure of such steels either hot-rolled and subsequently cooled with different cooling rates or thermomechanically treated was mainly ferritic with different shares of perlite or bainite. Only two types of low-alloyed steels have a microstructure of tempered martensite. The ield stress of investigated steels varied from 265 MPa for plain carbon steel to 1000 MPa &r NIONICRAL 96 i.e. for submarine steel alloyed with chromium, nickel and molibdenum.
Examples of Charpy V-notch impact curves of absorbed energy versus testing temperature for investigated structural steels in as received condition i.e. either hot rolled and cooled with different cooling rates or thermomechanically treated are presented in Fig.2 . The arrows indicate the nil-ductility temperatures determined at drop weight tests. The wide range of transition temperatures in this diagram clearly shows that wery different steels were used in our research. The relationship between Charpy-V notch energy and testing temperatures was also determined for aged steels, that is for steels which were cold-rolled with a reduction in thickness of 10 % and additionally heated for 30 minutes at 250" C. This relationship is shown in Fig.3 from which it can be immediately concluded that aging provokes an expected and systematic shift of Charpy curves towards higher temperatures. However, it seems also that the nil ductility temperatures are decreased due to aging, which somewhat surprised. This general estimation incited us to make exact measurements of K,, values in the transition temperature region.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1993714 The fracture toughness measurements were made on cylindrical round-notched tension specimens with fatigue crack in the notch root. Such specimen is schematically shown in Fig.4 . The KIc values were calculated in accordance with the well-known Heckel equation taking into consideration both limiting conditions. The virtual fracture load P* was determined from load-displacement diagrams after taking into account the concept of equivalent energy, that is after the transformation of the surface under the parabolic curve into the quantitatively equal surface of the triangle. Therefore, the weak elasto-plastic fracture behaviour of the investigated steels in the vicinity of nil-ductility temperatures was approximated to a linear elastic fracture behaviour. The fracture surface of cylindrical round-notched tension specimens with circumferencial fatigue crack propagation area was observed with the SEM technique at small magnification. The fatigue crack propagation area was sharply separated from the circular central part of the fast fracture area so that the diameter (d) of this area could be easily measured. range, the effect of both notch acuity andCloading rate usually should be considered. But, as it is known that a particular change in loading rate causes an equal shift along the temperature axis for both the CVN data and the K,, data, Barsom and Rolfe succeeded to establish a correlation between the slow-bend K c and the impact CVN test results in the transition temperature range. The results of our fow-temperature measurements are shown in the diagram on Fig.5 . Table 2 . 
